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(57) Abstract 

The present invention relates to the use of a 
nucleic acid sequence in the prevention or reduction 
of anther dehiscence, to transgenic plants wherein 
anther dehiscence is reduced or prevented and to 
a method for the production of such transgenic 
plants. Also provided is a method for producing a 
transgenic plant homozygous for male sterility and to 
a transgenic plant homozygous for male sterility. 
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THE USE OF THE ARABIDOPSIS ESJ2A PROMOTER TO REDUCE ANTHER DEHISCENCE AND CREATE MALE 
STERILE PLANTS 



The present invention relates to the use of a nucleic acid sequence in the prevention or 
reduction of anther dehiscence, to transgenic plants wherein anther dehiscence is 
5 reduced or prevented and to a method for the production of such transgenic plants. 
Also provided is a method for producing a transgenic plant homozygous for male 
sterility and to a transgenic plant homozygous for male sterility. 

Anther dehiscence is the process whereby the anther opens to release pollen into the 

10 environment Two processes are believed to contribute to anther dehiscence, namely 
splitting of the anther wall which occurs at the stomium, a specialised group of cell 
types running the length of the anther, and the inversion of the anther walls which 
exposes the pollen. Splitting of the anther wall is believed to involve cell-cell 
separation at the stomium, a process which is probably caused by localised expression 

1 5 of hydrolytic enzymes such as cellulases and polygalacturonases late in anther 
development The forces required to cause anther wall inversion are probably 
generated by cell wall modifications of the inner anther wall. An Arabidopsis thaliana 
male sterile mutant, ms35, has been isolated in which the anthers fail to dehisce 
(Dawson et al (1996) J. Exp. Bot. Supplement 47: 35). In this mutant, cell separation 

20 occurs normally at the stomium but the anther walls fail to invert. This phenotype is 

associated with the lack of the appearance of characteristic thickenings on the inside of 
the anther wall. Thus, the two processes that cause anther dehiscence can be 
dissociated, preventing pollen release. The reduction or prevention of pollen release 
from plants has significant advantages. One of these is in the production of male 

25 sterile plants (useful, for example, for hybrid seed production). Another advantage is 
in the production of ornamental flowers that have '"problem pollen", such as richly 
coloured pollen which is highly staining and/or difficult to remove from the skin. A 
further advantage of the present invention can be seen wherever the release of pollen is 
undesirable, for example because of its allergenic properties. 
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The advantages of artificial male sterile plants and the production of Fl hybrid seed 
are well documented. Fl hybrid seed show increased vigour, disease resistance and 
thus yield (WO90/08828 (Paladin/Pioneer); EP-A-0344029 (PGS); W092/11379 
(Nickerson BIOCEM)). Methods currently in use or proposed include mechanical 
5 removal of anthers, cytoplasmic or genomic male sterility and, most recently, 

dominant artificial male sterility (AMS) systems. Such AMS systems have numerous 
advantages over other systems. For example, mechanical anther removal is 
impracticable in most crops, cytoplasmic male sterility systems are not available in 
many crops and can also be associated with yield penalties and genomic male sterility 
10 is difficult to use in practice. AMS systems that have been described include the use of 
tapetum-specific promoters to express proteins that disrupt tapetum or pollen 
formation, for example Barnase (Mariani et al (1990) Nature 347: 737-741) or PR 
glucanase (Worrall et al (1992) Plant Cell 4: 759-771). 

15 However, the ability to produce large numbers of male sterile (female) parents 
presents a number of problems in the prior art AMS systems. This is because the 
female cannot be maintained in a state homozygous for the AMS gene (as no viable 
pollen is available from the male sterile plants). At each multiplication step, the female 
must be crossed to an isogenic male fertile line. Only 50% of plants derived from the 

20 female will therefore carry the AMS gene and be male sterile. The male-fertile 

segregants must be removed at each multiplication step. This is achieved in EP-A- 
0344029 by linking the AMS gene to herbicide resistance and using the herbicide to 
remove male fertile plants. Thus, such a female multiplication system necessitates 
growing females and males in separate rows and removing male fertile segregants in 

25 the female rows by the use of a herbicide spray. This system is therefore wasteful in 
terms of area of land required for hybrid production, since pollinators are required at 
each step and 50% of seed from the female must be discarded at each step. 

To attempt to simplify the multiplication of the female line, several ideas have been 
30 proposed. However, no successful system has yet been developed. Problems which 
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have been associated with prior art systems include: Those which require one 
mechanical cross which may not be practical for all crop species; Those which require 
a tightly regulated inducible system to prevent the appearance of male fertility in the 
hybrid production field and also require the use of chemicals which must be registered 
5 for plant use and may be difficult to apply due to climatic conditions; Those which are 
complex, requiring three genes and involving one mechanical crossing step; Those 
which require expensive seed sorting technology and where during several 
multiplication steps, the proportion of female seed drops. 

10 Thus there is a continuing need to provide a practicable and economic artificial male 
sterility system for use in hybrid seed production. This invention describes a system 
based on the prevention of anther dehiscence. This system allows the female to be 
multiplied with the artificial male sterility gene in the homozygous state, since the 
female plant produces viable pollen. This system is ideally suited to crops which have 

1 S high seed multiplication, large amounts of pollen, separate male and female 

inflorences or two or more thereof These factors allow for easy collection of pollen 
from non-dehiscing anthers, facile self pollination and the minimisation of the area of 
plants that have to be self pollinated manually. Such an ideal crop is the monocot 
maize. However, the system is also applicable to most other crops, for example wheat, 

20 barley and rice. 

The present invention relates to the advantages of producing plants with 
phenotypically normal pollen grains, within phenotypically normal anthers, but 
wherein the anthers do not dehisce and thus do not release the pollen grains. 

25 

According to a first aspect, the present invention provides the use of a nucleic acid 
sequence in the prevention or reduction of anther dehiscence in plants. The nucleic 
acid may be isolated or recombinant, or derived from isolated or recombinant nucleic 
acid. Preferably the nucleic acid is DNA. 
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In the present text, the meaning of "anther*' are those tissues and cells of the anther 
which are not cells of the tapetum, pollen sac, pollen or developing pollen. The 
nucleic acid promoter sequence may drive expression in other parts of the plant (that 
is, it is not necessary that the promoter is anther-specific). However, some specificity 
5 may be advantageous, for example, where the expressed sequence is toxic to 

whichever cell it is expressed in. Thus, anther-specific promoters may be a preferred 
feature of the invention. It may also be preferable that the promoter is anther 
dehiscence zone specific. By anther dehiscence zone specific is meant those cells of 
the stomium and those cells adjacent the cells of the stomium. 

10 

The use of the nucleic acid according to the invention is in the genetic modification of 
a plant, a plant part or a plant cell. The use of the nucleic acid sequences, according to 
the invention, can result in plants with phenotypically normal pollen (fertile male 
gametes) and, subject only to the fact that the anther does not dehisce, phenotypically 
1 5 normal anthers. The production of such plants has enormous advantages. 

The reduction or prevention of dehiscence according to the present invention includes 
the delay of dehiscence such that it achieves the desired results according to the 
invention. Prevention includes no dehiscence (that is no sufficient opening of the 
20 anther to release pollen). Reduction includes reduced dehiscence such that it achieves 
the desired result according to the present invention. 

A particular group of plants to which the present invention relates are those for which 
a male sterility system is desired where the plant exhibits a great degree of heterosis 
25 and especially where the entire seed market consists of hybrid seed or where existing 
methods of hybrid seed production have not yet proven economical. Monocotyledons 
(monocots) are a group of plants to which the present invention relates, in particular 
to maize. Plants which do not posses pods or siliques are also very suitable for use 
according to the present invention. 
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The nucleic acid of the invention preferably comprises a promoter sequence which 
drives expression of a further nucleic acid sequence, resulting in prevention or 
reduction of anther dehiscence. A full or part of a nucleic acid promoter sequence 
which drives the desired expression may be used. 

5 

Preferably the promoter drives expression in at least the anther-dehiscence zone. It 
may also be preferable, as discussed above, that the promoter is anther specific or 
anther dehiscence zone specific (that is substantially only expressed in the anther or 
only in the dehiscence zone of the anther). The promoter may be one which naturally 

10 controls the expression of a cellulase or polygalacturonase in the anther. A preferred 
promoter is set out in Figure 3, or may be a substantially homologous sequence or a 
functional equivalent thereof. Suitable promoters also include the promoters of gene 
sequences, which gene sequences are substantially homologous to the ESJ2A gene 
sequence, ie the gene sequence naturally promoted or driven by the ESJ2A promoter 

1 5 described herein. Both promoter and coding sequence of are shown in Figure 3. 

Substantially homologous sequences can be identified by the use of specialist 
computer programmes. According to this text a "substantially homologous sequence is 
one having at least 50%, up to 99% identity in steps of 10% from 50 to 90% (ie 60%, 

20 70%, 80%, 90%). The percent identity may be determined, for example, by 
comparing sequence information using the (default parameters of) GAP computer 
program, version 6.0 described by Devereux et al. (NucL Acids Res. 12:387, 1984) 
and available from the University of Wisconsin Genetics Computer Group (UWGCG). 
The GAP program utilises the alignment method of Needleman and Wunsch (J. Mol 

IS Biol 48:443, 1970), as revised by Smith and Waterman {Adv. Appl Math 2:482, 
1981). 

The promoter can be any promoter which drives expression in the anther of a plant, 
preferably in the anther dehiscence zone. In this text, the term "expression" means 
30 transcription, optionally followed by translation of a nucleic acid sequence. 
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Alternatively, the nucleic acid sequence of the first aspect of the invention comprises a 
sequence which when expressed, results in the prevention or reduction of dehiscence. 
Such a sequence is preferably under the control of a promoter which drives expression 
of the sequence in the anther, more preferably in the anther dehiscence zone. Further, 
the expression of the nucleic acid could be in any part of the plant such that it results 
in the prevention or reduction of anther dehiscence. Suitable nucleic acid sequences 
which expressed result in the prevention or reduction of anther dehiscence, include 
compounds which cause cell ablation, such as Diptheria Toxin (DTA), ricin, proteases, 
RNases, (including Barnase), lipases, endonucleases etc. Also, the nucleic acid can be 
one which when expressed alters the developmental fate of the anther cells, such as 
plant hormones. Further, the nucleic acid can be used to downregulate the genes 
which are required for normal anther dehiscence. Such downregulation can be 
achieved by expressing antisense, partial sense, full sense (transwitch) genes or by the 
expression of a ribozyme designed to cleave the message of such genes. 

The present invention is predominantly illustrated by the use of the Arabidopsis 
thaliana promoter designated ES J2A, although any promoter which achieves the 
desired result can be used. Other promoters include promoters which naturally control 
20 the expression of a cellulase or polygalacturonase enzyme in the anther, optionally in 
the anther dehiscence zone. For example, the ES J2A promoter and/or coding 
sequence can be used to identify and isolate homologous promoters (using 
hybridization techniques) from other plants, in particular other plants from the 
Brassica family. Typically, the sequence, or a fraction thereof from 15 to 45 nucleic 
25 acids in length will be used to hybridize to genes from a suitable nucleic acid library, 
under stringent conditions. Suitable conditions may be those described in Plant 
Genetic Transformation and Gene Expression: A Laboratory Manual, Ed. Draper, J 
et.al 1988, Blackwell Scientific Publications, pp 252-255, modified as follows: 
prehybridization, hybridization and washes at 55 to 65°C, final washes (with 0.5X 
30 SSC, 0.1% SDS) omitted. 
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Qrthologous promoters could be identified and isolated. Qrthologous nucleic acid 
sequences are those which are equivalent, from one species to another, in that they 
have the same function, but are not necessarily of identical sequence. Alternatively, 
5 suitable promoters can be obtained by isolating genes which are transcribed and/or 
translated in the anther, particularly in the dehiscence zone of the anther, by 
differential screening of plants. 

A particular advantage in the present invention which is useful for the production of 
10 plants from which pollen is desired is that phenotypically normal pollen is produced. 
Thus, the pollen can be collected and used. Since the anthers may also be 
phenotypically normal, the collection of pollen therefrom may also be simple. 



The present invention provides a number of significant advantages over the prior art. 

15 The present invention as an AMS system has several advantages over previously 

described AMS systems, particularly in the monocot maize, where the level of seed 
multiplication at each generation is high and where anther collection is easy. Whole 
male tassels can be disrupted in a blender thus allowing the pollen to be collected for 
pollinations. The system is genetically simple requiring only one transgene in crops 

20 where 50% fertility in the Fl hybrid crop is acceptable, such as maize (see Figure 1), 
or two genes when restoration is required (an appropriate restorer gene for use with 
ESJ2A-barnase plants would be ES J2A-barstar). No herbicide or other selection 
system is required for the AMS gene. Thus there is no seed or land wastage during the 
female seed multiplication steps. Obtaining plants homozygous for the AMS gene is 

25 simple and during female multiplication the genotype is fixed. As for most other 
systems with a homozygous AMS gene, growth of female and males in rows is 
required only at the stage prior to hybrid production and in the hybrid production field. 
This extra pre-hybrid female multiplication step reduces the female multiplication area 
required that has to be manually pollinated. For maize, calculations suggest that the 

30 area required for the last manual pollination step is 30 ha (Greenland (1997) PBI 
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bulletin p 11). This would lead to the production of sufficient Fl hybrid seed to supply 
the entire USA market of 30,000,000 ha. Thus, the effort required in pollen isolation 
and pollination at these early female multiplication steps is not excessive, especially 
since it is not critical to remove all the male tassels from the females. 

5 

A further application of the control of anther dehiscence relates to advantages in the 
production of ornamental flowers. Plants such as lilies, orchids and tulips can produce 
large attractive anthers which may contain richly coloured pollen. On anther 
dehiscence, coloured pollen causes a serious problem since it is highly staining and 

10 difficult to remove from skin, clothing and other items. For this reason anthers are 

mechanically removed from the majority of Liliaceae (and some other flowers) before 
they are sold. As well as being a laborious process, the removal of the anthers makes 
the flowers significantly less visually attractive. Since the Liliaceae are largely 
vegetatively propagated, it would be feasible to select for male sterile mutants or 

15 introduce a tapetally expressed AMS gene such as A9-Barnase (WO 92/1 1379). 

However, these plants would usually contain aborted pollen grains or no pollen grains 
thus reducing the colouration of the anthers and consequently the attractive appearance 
of the flowers. Additionally, early pollen abortion may cause the anther to shrivel and 
late pollen abortion will not prevent anther dehiscence. It has also been reported in 

20 some species that male sterility will affect flower size and colouration. The present 
invention overcomes these problems since completely normal pollen grains can be 
formed within phenotypically normal anthers. The only difference is that the anthers 
will not dehisce releasing the staining pollen. Transformants according to the present 
invention are thus both more economic to produce and would command a higher price 

25 since they are more visually attractive. 



A distinct and further advantage is the use of the present invention to prevent or 
reduce anther dehiscence wherever the release of pollen is undesirable, such as 
because of its allergenic properties. The present invention is thus useful in the 
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avoidance or reduction of pollen allergens and may be extremely effective in the 
control of asthma (in particular severe asthma) caused by pollen release. 

In the first aspect of present invention where the nucleic acid sequence comprises a 
5 promoter, the promoter is preferably operatively linked to a nucleic acid sequence (as 
described above) which when transcribed, optionally followed by translation, reduces 
and/or prevents anther dehiscence. This can be achieved by a variety of ways. The 
promoter can control the expression of a compound which causes cell ablation such as 
Diptheria toxin (DTA), ricin, proteases, RNases, (including Barnase) lipases, 

10 endonucleases etc. Also, the promoter can be used to express genes that alter the 

developmental fate of the anther cells such as plant hormones or used to specifically 
downregulate genes which are required for normal anther dehiscence. Such 
downregulation can be achieved by expressing antisense, partial sense, full sense 
(transwitch) genes or by the expression of ribozymes designed to cleave the message 

15 of such genes. The choice of promoter/expressed sequence combination is important 
to ensure the normal functioning of cells (as far as required) except for the DZ cells of 
anther. 

The present invention is exemplified by the linkage of the AJhaliana ESJ2A promoter 
20 to the RNase Barnase and transformation of this construct into B.napus, resulting in a 
proportion of transgenic plants that are male sterile due to prevention of anther 
dehiscence. Examination of these plants showed that the anther stomium cells have 
been killed, preventing the expression of hydrolytic enzymes that are required for cell- 
cell separation in the stomium. Viable pollen was mechanically isolated from the non- 
25 dehisced anthers and used in self and cross pollinations. Thus it was possible to obtain 
plants homozygous for the ESJ2A-Barnase gene. This enabled the use of the ESJ2A 
promoter in a simple but extremely effective male sterility system. The initial male 
sterile transformant was selfed using pollen isolated mechanically from the non- 
dehiscing anthers. Homozygous progeny were identified and subsequent 
30 multiplication of this female line was achieved - again by selfing with mechanically 
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isolated pollen. When enough female seed was obtained it was sown in rows next to a 
male pollinator (Parent 1). Seed from the females was heterozygous for the dominant 
male sterile gene and was used again in a further cross to a male pollinator (Parent 2) 
thus producing the desired Fl hybrid seed from Parents 1 and 2 (see Figure 1). 

5 

According to a second aspect of the invention there is provided a transgenic plant 
wherein anther dehiscence has been reduced or prevented. The transgenic plants are 
those, in particular which do not have pods or siliques. Where the plant does have 
pods or siliques, such as plants of the family Cruciferae or the family Leguminosae, 
10 the availability of reduced pod shatter as well as reduced anther dehiscence can be 
borne in mind. Preferably the plant is a monocot, such as maize, wheat, a fodder 
grass, a banana tree, a palm, an orchid, a tulip or a lily (member of the family 
Liliaceae) and/or melon, cucumber, tomato, pepper and willow. 

1 5 Such a plant preferably has, introduced into its nucleic acid, a construct which 
comprises a promoter. The promoter drives expression in the anther operatively 
linked to a nucleic acid sequence which, when expressed reduces and/or prevents 
anther dehiscence. 

20 Methods for introducing nucleic acid sequences into the genome of a plant are well 
known in the art. Suitable systems for monocots and dicots are known. For example, 
reference is made to transformation of maize by particle bombardment described in 
Gordon-Kamm et aL, 1990, Plant Cell, vol. 2, pp 603-617, transformation of maize by 
Agrobacterium in Ishida et al, 1996, Nature Biotechnology, vol 14, pp 745-750, and 

25 transformation of wheat by particle bombardment in Weeks et aL, 1993, Plant 
Physiology, vol 102, pp 1077-1084. 

Alternately, the plant has introduced into its nucleic acid, a construct which comprises 
a nucleic acid sequence which when expressed, results in the prevention or reduction 
30 of anther dehiscence. Such a sequence should be introduced into the nucleic acid of 
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the plant such that it is under the control of a promoter which drives expression of the 
nucleic acid in the anther, preferably in the anther dehiscence zone (more preferably 
expression specific to these regions of the plant). 

5 Most preferably the plant has introduced into its nucleic acid a construct which 
comprises a promoter as described above according to the second aspect of the 
invention, operably linked to a nucleic acid which expressed results in the prevention 
or reduction of anther dehiscence (also as described according to the second aspect of 
the invention). 

10 

All preferred features of the first aspect of the invention also apply to the second. 

The plant may have itself been transformed or may have been derived (directly or 
indirectly) from such a plant. The nucleic acid may be endogenous, i.e. from the same 
15 plant or a plant of the same species, or exogenous, i.e. from an alternative species. 

The nucleic acid used to transform plants is preferably isolated or recombinant and is 
preferably DNA. Also covered by the invention is propagating material derived from 
a plant according to the second aspect of the invention, particularly seed material. 

20 A third aspect of the invention relates to a method for producing a plant according to 
the second aspect, comprising transforming a plant, plant part or plant cell with a 
nucleic acid construct which comprises either a promoter which drives expression of a 
nucleic acid sequence to cause the prevention or reduction of anther dehiscence, or a 
nucleic acid which when expressed causes the prevention or reduction or plant 

25 dehiscence or a construct which comprises the promoter operably linked to the nucleic 
acid sequence. The steps of transforming the plant are well known in the art and any 
can be used according to the present invention. 

All preferred aspects of the first and second aspect also apply to the third. 
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Propagating material derivable from the second aspect (and produced by the third 
aspect) is also provided. 

A further aspect of the invention relates to a method for producing a plant 
5 homozygous for male sterility, the method comprising the production of a plant 

heterozygous for male sterility where normal pollen production is obtained, using the 
pollen obtained to self fertilize the plant or to fertilize another plant at least 
heterozygous for the same allele, and obtaining homozygous propagating material, 
capable of producing a plant homozygous for male sterility. A transgenic plant 
1 0 homozygous for male sterility 

The present invention is illustrated using the figures, in which: 

Figure 1 shows an outline of the use of the control of anther dehiscence in hybrid seed 
15 production in maize. 

Figure 2 is a schematic diagram of the A.thaliana genomic clones that hybridise to the 
B.napus cDNA. The EcoRI-BamHI hybridising fragment cloned into pTZ18R is 
shown. 

20 

Figure 3 shows the DNA sequence of the Athaliana ESJ2A promoter, the coding 
sequence for the ESJ2A gene and the predicted amino acid sequence encoded.. The 
primers used to PCR promoter fragments are indicated (PGL is the primer used to 
PGR the 'long' promoter (pPGL) and PGS is the primer used to PCR the 'short' 
25 promoter (pPGS)). 

Figure 4 shows the construction of fusions of the pPGL and pPGS promoters to GUS. 

Figure 5 shows the histochemical staining for GUS expression in pods and anthers 
30 from B.napus transformants. A) Developmental appearance of GUS activity in the 
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dehiscence zone (DZ) of developing pods from transformant WP27 1-7-9. Numbers in 
the figure below the pods indicate age of the pod in 'days after anthesis' (DAA). B) 
Section of a pod DZ from transformant WP271-1-14. DZ cells that express GUS were 
red under the filter used (appear in the figure as dark areas). C) GUS expression in the 
5 anther DZ (stomium) of transformant WP27 1-7-9. D) Section of an anther DZ from 
transformant WP27 1-7-14. Cells which expressed GUS were red (some seen here 
indicated by lines) and can be seen next to where cell separation has occurred at the 
stomium. 

1 0 Figure 6 shows the construction of fusions of the pPGL and pPGS promoters to 
Barnase. 

Figure 7 shows sections of a wild-type (A) anther and an anther from a pPGS-Bamase 
transformant (WP273-6-9) (B). Both anthers are of similar ages. The wild-type anther 
15 has dehisced, whereas the pPGS anther has not. Consequently this PGS-Baxnase plant 
is male-sterile, but can be seen to produce pollen. 

The present invention is illustrated by the following non-limited examples. 
20 EXAMPLES. 

1) Isolation of the ESJ2A promoter. 

The isolation of the B.napus SAC66 cDNA is described in Jenkins et al., (1996) J. 

25 Exp. Bot 47, 1 1 1-1 15 and in WO96/30529. The B.napus cDNA was used to screen an 
Athaliana genomic library (Paul et al., (1992) 19, 611-622) in order to isolate the 
A.thaliana orthologous gene. The genomic inserts from three hybridising phage were 
analysed further to localise the region hybridising to the B.napus cDNA probe (Figure 
2, shows a diagrammatic representation of the extent of the region from a Lambda 

30 clone 2A which hybridises to the B.napus cDNA probe). A 7kb EcoRI, BamHI 
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fragment encompassing the hybridising region was cloned from Lambda 2A between 
the EcoRI and BamHI of pTZl 8 (Figure 2) and partially sequenced to determine the 
orientation of the ESJ2A promoter. The DNA sequence of the ESJ2A promoter is 
shown in Figure 3. The predicted coding regions of SAC66 and ESJ2A are 87% 
5 identical at the DNA level and 87% identical at the protein level. To clone the 
putative promoter from A. thaliana in a form in which it could be easily linked to 
Bamase and other genes the following oligonucleotides were designed: - 

5* TGATCTAGAGACATCCACGAAAACG 3* PGL 
10 5' TTCTCTAGACGTGTTGTACTAAC 3' PGS 

5' GGGCCATGGCGATTTTGATCGG 3' 2ANco 

Primers PGL and PGS are engineered to contain an Xbal site and 2A Ncol an Ncol 
site. The positions at which these primers bind is indicated on Figure 3. PCR using the 
1 5 Tli proof-reading thermostable polymerase (Promega) thus generated a 1 .9 kb 
promoter fragment using primers PLG and 2 ANco (PGL promoter) and a 1 .4kb 
promoter fragment when using primers PLS and 2ANco (PGS promoter). These 
fragments were cloned into Smal-cut pTZl 8R forming pPGL and pPGS (Pharmacia) 
and sequenced. 

20 

2) Linkage of promoter fragments to GUS and analysis of transgenic B.napus plants. 

The PGS and PGL promoters were first cloned as Sstl-Ncol fragments from pPGS and 
pPGL between the SstI and Ncol sites of pDH68 forming pWP271 and pWP272 

25 respectively (Figure 4). pDH68 consists of a Pea Plastocyanin promoter (Pwee and 
Gray (1993) Plant J. 3, 437-449) linked to an intron GUS gene (D. Twell, Leicester 
University) cloned between the SstI and EcoRI sites of the vector pJTT30 (Guerineau 
et al., (1990) Plant Mol. Biol. 15, 127-136). Thus the Pea Plastocyanin promoter is 
replaced with the PGL or PGS promoters. The pPGS-GUSint-CaMV polyA or pPGL- 

30 GUSint-CaMV polyA chimeric genes are cloned as Xbal, Xhol fragments between the 
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Xbal and Sail sites of the binary vector pSCV nos-nptll (WO 96/30529), forming 
pWP271-SCV and pWP272-SCV, and transformed into B.napus (var. Westar) by 
agrobacterial transformation essentially as described in Moloney M et al., (1989) Plant 
Cell Reports 8, 238-242. 

5 

Figure 5 shows pods and anthers from transformed plants histochemically stained 
using X-Gluc (5-bromo-4-chloro-3-indolyl-B-D-glucuronide) for GUS activity. In 
WP271-SCV and in WP272-SCV plants, GUS activity is found in the DZ of the pod in 
the anther DZ and in the seed funiculus. In some plants, the level of expression in the 

10 pod DZ is higher than in the anther DZ whereas in other plants the reverse is observed. 
The reason for the variability in the relative expression levels of GUS in between the 
anther and pod DZ is unknown. It could be due to the influence of flanking plant 
sequences (positional effect) or be due to differential methylation of areas of the 
promoter that are responsible for either expression in the anther DZ or pod DZ. This 

15 variability in promoter expression also indicates that it will be possible to obtain 

modified ESJ2A promoters which are either entirely anther-specific or entirely pod- 
specific. This can be achieved by deleting or mutating elements in the promoter 
sequence which are required for pod-specific expression or anther specific expression 
respectively. 

20 

3) Linkage of promoter fragments to Barnase and analysis of transgenic B.napus 
plants. 

The PGS and PGL promoters were first cloned as Sstl-Ncol fragments from pPGS and 
25 pPGL between the SstI and Ncol sites of pWP128 (Paul et al., (1992) Plant Mol. Biol. 
19, 61 1-622) forming pWP273 and pWP274 respectively (Figure 6). The chimeric 
genes are then cloned as Xbal, Xhol fragments into Xbal, Sail - cut pSCV nos nptn 
forming pWP273-SCV and pWP274-SCV and transformed into A/iapw. The plants 
showed a range of pod shatter resistance due ablation of the pod DZ. The majority of 
30 plants 6 out of 6 WP273-SC V and 1 6 out of 1 9 WP274-SCV plants) were also male 
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sterile due to ablation of the anther DZ and the consequent prevention of anther 
dehiscence. Some plants were however pod shatter resistant but male fertile. Figure 7 
shows a section of a wild-type anther that has dehisced and an anther from a PGS- 
Barnase plant that has failed to dehisce. Such pPGS-Barnase and pPGL-Barnase 
5 plants are consequently male sterile but produce pollen (Figure 8B). 

4) Production of male-sterile maize plants. 

The pES J2 A-Barnase constructs pWP273 and pWP274 were digested with Xbal and 
10 Xhol and used to independently transform maize using a particle bombardment 
technique. The majority of transformants exhibited male sterility due to a lack of 
anther dehiscence. These plants exhibited no additional phenotype. Pollen was isolated 
from non-dehiscent anthers and used to self the male sterile plants. The selfed progeny 
contained individuals that were homozygous for the transgenes. 

15 

5) Production of Lily plants with non-dehiscent anthers. 

The pES J2A-Barnase constructs pWP273 and pWP274 were digested with Xbal and 
Xhol and used to independently transform lily using a particle bombardment 
20 technique. The majority of transformants exhibited male sterility due to a lack of 

anther dehiscence. These plants exhibited no additional phenotype and had anthers that 
were of normal size and colour. Pollen extracted from the non-dehiscent anthers had 
normal colouration and was viable. 
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CLAIMS 

1 . Use of a nucleic acid sequence in the prevention or reduction of anther 
5 dehiscence. 

2. Use, as claimed in claim 1 , in the genetic modification of a plant. 

3. The use as claimed in claim 1 or claim 2, wherein the nucleic acid sequence 
10 comprises a promoter sequence, which drives expression of a further nucleic 

acid sequence which results in the prevention or reduction of anther 
dehiscence. 

4. The use as claimed in claim 3, wherein the promoter drives expression in the 
1 5 anther dehiscence zone. 

5. The use, as claimed in claim 1 or claim 2, wherein the nucleic acid sequence 
comprises a sequence which when expressed, results in the prevention or 
reduction of anther dehiscence. 

20 

6. The use, as claimed in claim 5, wherein the nucleic acid sequence is expressed 
in the anther dehiscence zone. 

7. The use, as claimed in anyone of claims 1 to 6, in a plant which does not have 
25 pods or siliques. 



8. 



The use as claimed in claim 7, wherein the plant is maize. 
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9. The use as claimed in any one of claims 1 to 8, wherein the nucleic acid 
sequence comprises a promoter which naturally controls the expression of a 
cellulase or polygalacturonase enzyme in the anther. 

10. The use as claimed in any one of claims 1 to 9, wherein the nucleic acid 
sequence comprises a promoter which comprises one or more regulatory 
elements from the region 5' to the coding region (as set out in Figure 3). 

1 1 . The use as claimed in any one of claims 1 to 10, wherein the cause of anther 
dehiscence reduction or prevention is cell ablation. 

12. The use, as claimed in claim 1 1, wherein the reduction or prevention of 
dehiscence is caused by the expression of Barnase. 

13. The use as claimed in any one of claims 1 to 12, wherein the nucleic acid, 
which when expressed, alters the developmental fate of a cell in which it is 
expressed. 

14. The use as claimed in claim 13, wherein the nucleic acid which is expressed 
encodes a plant hormone. 

15. The use as claimed in any one of claims 1 to 4, wherein the cause of anther 
dehiscence reduction or prevention is the downregulation of genes required for 
normal anther dehiscence. 



16. A transgenic plant, especially a transgenic maize plant wherein anther 
dehiscence is reduced or prevented. 

17. A plant as claimed in claim 16 which has, introduced into its nucleic acid a 
construct comprising a promoter operably linked to a sequence, wherein the 
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promoter drives expression of the sequence to which it is operably linked, in 
the anther resulting in reduces or prevents anther dehiscence. 

18. A plant as claimed in claim 1 6 or claim 1 7, wherein the promoter drives 
5 expression in the dehiscence zone of the anther. 

19. A plant as claimed in any one of claims 16 to 18 wherein the promoter 
naturally controls expression of a polygalacturonase enzyme in the anther. 

10 20. A plant, as claimed in claim 1 7, which has introduced into its nucleic acid, 

under the control of a promoter which drives expression in the anther, a nucleic 
acid sequence, the expression of which reduces or prevents anther dehiscence. 

21 . A plant as claimed in any one of claims 16 to 21 wherein the cause of anther 
1 5 dehiscence reduction or prevention is cell ablation. 

22. A plant as claimed in claim 21 wherein the cell ablation is caused by 
expression of Baraase. 

20 23. A plant as claimed in anyone of claims 1 6 to 22, wherein expression of the 
nucleic acid reducing and/preventing anther dehiscence alters the 
developmental fate of a cell. 

24. A plant as claimed in claimed 23, wherein the expression causing reduction or 
25 prevention of anther dehiscence is of a plant hormone. 

25. A plant as claimed in any one of claims 16 to 25, wherein the cause of anther 
dehiscence reduction or is the downregulation of genes required for normal 
anther dehiscence prevention. 



30 



WO 99/13089 



20 



PCT/GB98/02752 



26. A plant as claimed in any one of claims 16 to 25 which is maize. 



27. A method for producing a transgenic plant as claimed in any one of claims 1 6 
to 26 comprising the introduction into a plant, plant part or plant cell, of a 

5 nucleic acid construct, the intorudction of which produces a promoter which 

drives expression in the anther operably linked to a nucleic acid sequence 
which, when expressed, reduces or prevents anther dehiscence. 

28. Propagating material derived from a plant as claimed in any one of claims 16 
10 to 27. 

29. Propagating material as claimed in claim 28 which is a seed. 



30. A method for producing a transgenic plant homozygous for male sterility, the 
1 5 method comprising the production of a plant heterozygous for male sterility 

wherein normal pollen production is obtained, using the pollen to self fertilize 
the plant, or to fertilize another plant heterozygous for the same allele and 
obtaining homozygous propagating material, capable of producing a plant 
homozygous for male sterility. 



20 

31. 



A transgenic plant homozygous for male sterility. 
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FIG. 1. 



pESJ2A-Barnase male sterility system for Maize 



Transform maize with pESJ2A-Bamase (EJB) 

4 

EJB - TO male sterile transformant due to 

^ non-dehiscence of anther 

EJB - x EJB - Isolate pollen and self 

4 

EJB - EJB - - - EJB EJB Select plant homozygous for 



1 

EJB EJB 

\ 

EJB EJB 



pEJS2A-Barnase 



Harvest tassels, mechanically 
isolate pollen and use to self 



i 

EJB EJB x - - Cross to Parent 1 

I 

EJB - x - - Cross to Parent 2 

\ 

EJB - - - F1 hybrid - 50% of plants are 
male fertile 
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FIG. 3. 



GTOTTTCCATCTTTTTCAGTCri^ 73 

TGAAATAGTGAAATAGTGACA^ 156 
TGATO^CfiGACATCCACGAAAACG-> PGL-prom 

ATAAATTCAAAGAAGGAAGCAATAACTAAGGCCAAGTTATA^ 234 

AQCATAGCTTPAGCrrCTCTCAAGCAAACT^ 312 

CATATTAACACTASTAIATACAAATATTTCT^ 390 

ATaAGTACGI^X-Tn^ 468 

CTXXIATGCATTGTAGTATTTTTCT 546 

AAAAGACACCTTTGAAAXCATAGAAAACJUCIGCT 624 

ATATTAGTAAATCAIAAGATTCATAA^ 702 

GTAITITCATrATGATAAATTAATX7rATGGTTTTAAT^ 780 

TGTTGTACTAACTACTAAAGACTTTTC^^ 858 
TGTIOTACTAAC-> PGS prom 

AACTTTTCAGTTGATTTTCAJW3CAAATTAQATCT^ 936 

GTATTTQCOGTTTAOGTATTTACACTTCXTATTT^ 1014 

TCCTAACTTTCTTCGAAAGTIAAATGAAITITAACT 1092 

AAAACTCCACAACAIACXAATATGCACT^ 1170 

CMTTTAATTTCCJGTATACXZAATTCAron^ 1248 

TATTTCGTTACAATTITAATCAICTrCT^ 1326 

ACATATCCAAGftCAATAATCX^ 1404 

TCTATGACGTCXTITTGrrGGGAA^ 1482 

TGACTITrAAAATAAACATGCCAATTTTCAAAGAAAAA 1560 

TtATTTTTGTTriTCTATTCTTTTCIA^ 1794 

AAATOTTEAJCTGTGAATAC7rATATGATCyiTG 1872 

AACTCTGAAACTCTC^TQTAAAAITAAAAC^ 1950 

JCTGA 1U1 UT 1W1 ATCAATCTC 2028 

TICCrcCTTCAATTCGTCTATAAATACT 2106 
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FIG. 3 CONT'D 

2A NCO <<X^TCAAAATC GCCATGGC C 

GGCAAACATTCTCATCTCACTCACAAGAAAAC^ 2184 

H A 

C 

CGWCTTreiUSMMVlT^ 2262 
RCCRHLAVFLCVLLMLSLCKALSSNV 

GATGATCGATATGGTCATGAAGATGG^AGTT^ 2340 
DDGYGHBDGSFBSDSLLKLNNDDVLS 

TOMAAGCTCAQACCftAACCALHTAUGAA^^ 2418 
LISSDBTTLEASTVSVSNFOAKGDGK 

ACTGATGATACTCAGGTrACTTOIATTtTO 2496 
T D D T Q > Intron 1 

TAGTrACGGAATTTCXAAAlTCCGGrilJIXJAAAA 2574 



ITGTATIGATCSATGCiCrQCATAAOTAT^ 2652 
>A PKKAWKKAC 

TCAAOUUVTGCSftGTTACTOCTTrCT^ 2730 
STNGVTTFbVPKGKTYLLKS TRFRGP 

TGCAAATCCTTACOTAACTTPCAGGTMV!FAl'l'rurtf 2808 
CKSIiRNFQ > Intron 2 



cnTtSTTTTTTTTGTCACTCM 2886 
>I LGTLSASTKRS DYKD 

AAMACCATTT3GCITATCITAGAGGACGTT 2964 
K N H W L ILEDVNNLS IDGGSTG I I N G N 

QC¥kAAAACCTQGTGGCAGAACTCATGCAAAA^ 3042 
GKTWWQNSCKIDKSK 3 intron 3 



ATACATAIAGTITATT*rAAATAATACCTAAGTAATTO^ 3120 



ATAfTTAAITOGTTAC^TTTrATTTTTGTA^ 3198 
> P c T K A P T >- Intron 4 

TATOTATTGAITGATrAATTTCTTCACATCTAAA 3276 



TGCAAACGCAGGCTCTTACTITAXACAA^ 3354 
>A LTLYNLKNLNVKNLRVKNAQQI 

AIAGTCCCAACA 3432 



CAGATGGTATCCAXATCACTAATACTCAAAA^ 3510 
DGIHITNTQNIRVSNSDIGT G>- 

TTGTTAACTT?^WlCTATATATgrATAACAAATGC» 3588 
— — — Intron 5 — ------- — 



TTCGTAAATA 



TATATAGGTGATGAITCTAIATCCAITC^ 3666 
> DDCISIEDGTQN 
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TCXTCMAICmXaAOTTAACTTGC^ 
LQIPDLTCGPGHGIS>- 




Intron 6 



3744 



OTAATATAAGftGTAGTCAAACT^^ 3822 



TAAOTATATAAACTAATATATK^^ 3900 
> I GSLGDDM S 

GAAAGC'lTAlXjlCXOaXSAATTAATG^ 3978 
KAYVSGINVDGAKFSE SDNGVRIKTY 

TCftgglGGCTCACTrTGA^ 4056 

q > Intron 7 — 

CCCCTAATGATTICAGGGAGGATCAGGA 4134 
>G G SGTAKNIXFQNIRMENVKN 

TCCGATCATAATCGACCAGGACTACTGCGAC^^ 4212 
PI I IDQDYCDKDKCEDQ > 



AAAA LVi ' IO T ^ T A CAAGAACATATCTGGTACGAGC^ 4368 
HVVYKNISGTSATDVAITLNCSEKYP 

OW3TCA?&^n \J^ 4446 
CQGIVLENVKIKGGT ASCKNANVKNQ 



GTVSPKCS 

TTTATATATAGCATGTATATIUTACTACATC 4602 

AMa iTlVlTl 'ACATATaAAAT^^ 4680 

AATA3TTTGAXTIACrAGTACrAGAAATGAAA 4758 

GrrGAGAATAGAGTTTCATAGTATAIACTAAGGT^ 4836 

TGTEAAATCTTAAATOGAAATAIGCCTTCTT^ 4914 

AGAGATGCTAAATACCAAAATTAACXn'AQTriTCAGTGAGCGC^ 4992 
TTCAffTAATC 5002 



rAGACAAGCATICACTCGGATTGAAAATGTGAAAT 4290 

Intron 8 >B S A V Q v K 




?AAATGCTCTTAACTGAQCTAAm^ 4524 
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